The exact identity of non-native, naturalised populations of Cenchrus s.str. in the Mediterranean area has been critically assessed. A herbarium revision confirmed the presence of three species: Cenchrus echinatus, C. longispinus and C. spinifex (syn.: C. incertus). in the present paper C. echinatus is reported for the first time from Spain and confirmed for egypt and israel. C. longispinus, up to present widely confused with C. spinifex, is reported for the first time from croatia, Greece, israel and Morocco and furthermore confirmed for France (including corse) and italy. Finally, C. spinifex is confirmed for France, italy and Spain, while records from Greece and israel proved to be in error for C. longispinus. All three species are much alike and widely confused in the studied area. in some areas (especially in parts of italy and israel) two species occur sympatrically, which largely added to the confusion. Main features for their distinction are discussed and a dichotomous key for the identification of the native and non-native species of Cenchrus s.str. in the Mediterranean area is presented.
Introduction
in its traditional circumscription Cenchrus l. is a genus of c. 20 species, predominantly distributed in the warmer parts of the new World and with some additional species in Africa and Asia (Delisle 1963; Mabberley 2008) . Several species are troublesome environmental or agricultural weeds beyond their native distribution range.
Cenchrus is a very complex and largely misunderstood genus, especially in areas where non-native species occur, as is the case in the Mediterranean area. in the past decades collections of non-native Cenchrus species from the Mediterranean have been ascribed to either C. echinatus l., C. incertus M. A. curtis, C. longispinus (hack.) Fernald, C. pauciflorus Benth. or C. tribuloides l. A herbarium revision undertaken in the past years (see also Verloove 2006 ) yielded a lot of interesting new data. The results of this revision are dealt with in this paper.
The three non-native species of Cenchrus that are finally accepted in this study (C. echinatus, C. longispinus and C. spinifex cav.) are reputed environmental and/or agricultural weeds in as well as outside their native distribution range. in the Mediterranean area, C. echinatus is a relatively recent newcomer and only locally established or invasive (although a future naturalisation in a wider area seems likely). Both other species have been repeatedly and increasingly reported as invasive species, for instance in parts of Greece, the Former Yugoslavian republic, italy or Spain (Sanz elorza & al. 2004; Borsi6 & al. 2008; Arianoutsou & al. 2010; celesti-Grapow & al. 2010) . Therefore, it is not only useful but even essential to acquire a better understanding of the non-native representatives of the genus Cenchrus in the area under study.
in the Mediterranean area Cenchrus counts five native species (see for instance Maire 1952; clayton 1980; Valdés & Scholz 2009+) : C. biflorus roxb. (Algeria, egypt, libya and Morocco), C. ciliaris l. (Algeria, egypt, israel, lebanon, libya, Morocco, Sicily, Syria and Tunesia; furthermore introduced in Greece and Spain), C. pennisetiformis hochst. & Steud. (egypt), C. prieurii (Kunth) Maire (Algeria, Morocco) and C. setigerus Vahl (egypt). The non-native representatives have been ascribed to several species and confusion lingers on since many decades, especially in italy. it surely is no coincidence that italy is the initial area of naturalisation (in the 1930s) of two non-native species of Cenchrus in the Mediterranean. populations were initially ascribed to C. tribuloides (plicker 1943; pellegrini 1947; D'errico 1949; Tosco & Ariello 1951) and later corrected to C. pauciflorus by Grilli (1962 Grilli ( ). eventually, cecconelli (1975 concluded that all italian collections pertain to C. longi spinus (subsequently confirmed by Guzik & pacyna 1999) . however, recent italian floristic checklists (conti & al. 2005; celesti-Grapow & al. 2010 ) correctly accept two species: C. spinifex (as C. incertus) and C. longi spinus but both are obviously still widely confused (see below). in France all records from the past decades were assigned to "C. incertus". however, a previous revision already proved that all collections from corse in fact represent C. longispinus (Verloove 2006) . likewise, plants from the French Mediterranean area (dep. Vaucluse) are C. longispinus while genuine C. spinifex is only confirmed from southwestern France. in Spain all populations of non-native Cenchrus have been ascribed so far to "C. incertus" which seems to be confirmed by the present revision (although a second non-native species, C. echinatus, recently turned up in Andalusia). recent records of "C. biflorus" from Morocco (Birouk & al. 1991) are here identified as C. longi spinus. elsewhere in the Mediterranean area non-native species of Cenchrus have been reported from several different countries but many records now turned out to be erroneous (for instance from croatia, Greece and israel).
Material and methods
The results of this paper are entirely based on the revision of material from selected herbaria: the herbarium of the Botanischer Garten und Botanisches Museum Berlin, Germany (B), the national Botanic Garden of Belgium (Br), the Museo di Storia naturale in Firenze, italy (Fi), the university of Gent, Belgium (GenT), the royal Botanic Gardens of Kew, england (K), the university of liège, Belgium (lG), the Museo civico di Storia naturale in Milano, italy (MSnM) and the università degli Studi of Torino, italy (To). in addition, material of the private herbaria of the authors, as well as of J.-M. Tison and A. Soldano (Vercelli, italy) were also revised.
The studied area encompasses the entire Mediterranean basin: Spain (incl. Balearic islands), France (incl. corse), italy (incl. Sardegna, Sicily), F.Y.r. (Former Yugoslavian republic), Albania, Greece (incl. islands) and Turkey in europe; Turkey, Syria, lebanon and israel in Asia and finally egypt (incl. Sinai), libya, Tunisia, Algeria and Morocco in Africa.
Results and discussion
The non-native species of Cenchrus s.str. in the Mediterraneran area Cenchrus echinatus l., Sp. pl. 2: 1050. 1753.
Distribution. -native of southern united States, central and South America and the West indies (Delisle 1963) . More or less widely naturalised elsewhere in warm-temperate and (sub-)tropical regions of the world (for instance pacific islands, philippines, Australia, Arabian peninsula, e Africa, china, etc.). in the Mediterranean area known so far from egypt (omitted by Valdès & Scholz 2009+) and israel (Delisle 1963; cope 2005) . here reported for the first time from Spain. in israel Cenchrus echinatus now has become a noxious weed in irrigated gardens and lawns (Danin 2004) .
Illustrations. - Fig. 1A Notes. -Cenchrus echinatus is a troublesome weed and widely naturalised beyond its native distribution range but is a relatively recent newcomer in the Mediterranean area, where it was initially confined to its eastern part. According to Delisle (1963) it was already spreading in israel in the early 1960s. Dafni & heller (1990) give 1970 as the year of introduction for C. echinatus, while "C. incertus" (doubtlessly in error for C. longispinus, see below) would have been present since 1953. This would be in contradiction with Delisle (1963) and is therefore rather unlikely. More recently C. echinatus was also recorded in egypt (cope 2005). The incipient naturalisation of C. echinatus in southwestern europe is here probably reported for the first time. in Spain (palos de la Frontera), it is more or less established in sandy, ruderal road verges in the vicinity of a grain storage (recorded at least since 2008 and by 2011 reported as locally spreading). its burs easily adhere to and are readily dispersed by man and mammals, which could enhance a future wider naturalisation.
Cenchrus echinatus is distinguished from most of its congenitors by the presence of a basal ring of numerous fine bristles that subtend the flattened spines. in C. longispinus (and to some extent in C. spinifex as well) the lowermost spines may be in part bristle-like but they are not as flexible and numerous as in C. echinatus and they lack the typical retrorse spinules. C. echinatus is obviously most closely related to C. brownii roem. & Schult., another weedy new World species but less widespread than C. echinatus. Their separation is not always straightforward. however, the relatively larger burs (> 4.5 mm wide) that are rather loosely spaced (rachis often visible) are typical of C. echinatus. in C. brownii, in turn, the burs are much smaller (2 -4.5 mm wide) and very closely crowded (completely obscuring the rachis). other distinguishing features (e.g. length of the outer bristles and colour of burs and spines) proved to be less reliable.
Cenchrus longispinus (hack.) Fernald in rhodora 45: 388. 1943.
Distribution. -native of united States and southern canada, Mexico, central America and the West indies (Delisle 1963) . it is furthermore naturalised in Australia, South Africa and the Mediterranean area. here reported for the first time from the Former Yugoslavian republic (croatia), Greece, israel and Morocco. Notes. -Cenchrus longispinus most closely resembles C. spinifex but confusion is also likely with C. echinatus. From the latter it is best distinguished by the absence of a basal ring of numerous flexible, retrorsely barbellate bristles (although some bristle-like spines may occur but these are never entirely and distinctly retrorsely barbellate). Moreover its spines emerge at irregular intervals throughout the body of the bur (in C. echinatus the spines of equal size originate at more or less the same level). however, most problematic is the distinction of C. longispinus and C. spinifex. Both have been largely intermixed so far in the studied area. C. longispinus always has more spines, the inner being terete to slightly flattened and the outer (lowermost) often bristle-like and relatively slender. in C. spinifex, on the contrary, spines are always fewer, the inner distinctly flattened (up to 3 mm wide at base) and bristle-like outer spines are nearly always lacking. photographs of burs (Fig. 1 , compare c and D-e) clearly show the differences between both species, much more than words can do.
Cenchrus longispinus is by far the most misunderstood non-native species of the genus in the Mediterranean area and, in fact, appears to be the most widespread.
its oldest centre of naturalisation in europe probably is on the Adriatic coast in italy: it is known since at least 1933 from lido del cavallino in Venezia province (corbetta 1964) and now is widely naturalised in this area. its distribution and invasive status elsewhere in italy is uncertain, largely as a result of lingering confusion with Cenchrus spinifex. According to Guzik & pacyna (1999) plants naturalised in italy, known as "C. incertus", represent in fact C. longispinus. however, genuine C. spinifex also exists in italy (see below). part of the confusion surely is induced by the fact that in many italian regions both species occur sympatrically: in all(!) regions where C. spinifex is confirmed in the present study, also C. longispinus occurs. in some places, for instance in poveromo in Tuscany, both grow nearly side by side. celesti-Grapow & al. (2010) correctly accepted both C. longispinus and C. spinifex (as C. incertus) for italy but their distribution and degree of naturalisation are obviously wrongly assessed, giving C. longi spinus only for Veneto (casual) and Friuli-Venezia-Giulia (naturalised). The present study, in contrast, confirms its presence also in Abruzzo, campania, emilia-romagna, lazio, Marche, piemonte, Sicily and Tuscany. its status of occurrence should be critically assessed but C. longispinus is probably naturalised (or invasive) in all regions except piemonte and Sicily.
in France, Cenchrus longispinus has been recorded since 1951, at first in corse. All voucher specimens seen from that area (see above), indeed, belong to C. longispinus (Verloove 2006) . They were initially wrongly referred to as C. tribuloides and subsequently as C. incertus (see for instance Deschâtres 1986 , natali & Jeanmonod 1996 , Vagnet & Vadam 2005 . At present, C. longispinus is commonly naturalised on the eastern coast of corse, at least between Bastia and Alistru (Jeanmonod & Gamisans 2007) . More recently, a locally naturalised population from continental France (Buisson; dep. Vaucluse) published as C. incertus (Girerd & roux 2000) , also represents C. longispinus. in this locality it was still confirmed in 2010 by christophe Girod (pers. comm. J.-M. Tison) but environmental and climatological conditions seem to be less favourable than elsewhere in the Mediterranean area and a future, wider naturalisation in continental France appears to be rather unlikely.
in croatia and Greece "Cenchrus incertus" was recently reported as an invasive alien plant species (Borsi6 & al. 2008; Arianoutsou & al. 2010 ). relatively few collections of non-native Cenchrus were seen for the present study but all proved to be ascribable to C. longispinus. Moreover, pictures of "C. incertus" from other croatian localities surely also pertain to C. longispinus (see for instance: island rab, lopar, 2007, J. nejc, record no. 30847 in Flora croatica Database 2004+). The records from Greece here presented were previously also ascribed to C. incertus (raus & Schuler 2005) .
in israel, two non-native species of Cenchrus are known (Dafni & heller 1990 ): C. echinatus and "C. incertus" but both have been widely confused. The latter is apparently confined to the northern half of the country and is, at least for the time being, a non-invasive weed (Danin 2004 ). All records seen from this area are here corrected to C. longispinus as well. Moreover, additional photographs of "C. incertus" from israel (see for instance Gold & eshel 2012) also belong with C. longispinus.
in Morocco non-native Cenchrus must be either a fairly recent introduction (compare with le Floc'h & al. 1990 , Valdés & al. 2002 or it must have been overlooked for quite some time. Dobignard & chatelain (2010) only cite C. biflorus and C. ciliaris for Morocco but the presence of the former is questioned (see also ibn Tattou & Fennane 2008) . indeed, the only collections seen of C. biflorus (all from the surroundings of rabat and dating back to the 1980s) pertain to C. longispinus. According to A. Dobignard (pers. comm. 2011 ) reports of C. biflorus in Morocco are referable to J. lewalle but collections of the latter all proved to belong to C. longispinus.
in neighbouring regions, outside the studied area, identical identification problems have occurred in the past: plants from hungary (voucher in lG!) and ukraine (Guzik & pacyna 1999) , for instance, are ascribable to Cenchrus longispinus, not to C. spinifex. in hungary C. longispinus (as C. incertus) is considered to be an invasive xenophyte in disturbed open grassland in the Great hungarian plain (Szigetvári 2002) . The same applies to ukraine where it is considered among the worst invasive species (Mosyakin 2006 Notes. -Distinguishing features between this species and Cenchrus longispinus are discussed under the latter. confusion with C. echinatus is unlikely.
The first naturalised populations of Cenchrus spinifex in europe were discovered in italy near Viareggio in 1939 Viareggio in (plicker 1943 . in this part of Tuscany it is still present and more or less widely naturalised in ruderalised coastal dunes, for instance in Marina di Massa and Marina di carrara. in Veneto, C. spinifex seems to be well-established in the surroundings of Mesola, while local occurrences are here confirmed from Abruzzo and emilia-romagna. elsewhere in italy C. spinifex has been widely confused up to present with C. longispinus. celesti- Grapow & al. (2010) also cite the former (as C. incertus) from campania, lazio, Marche, Molise, puglia and Valle d'Aosta but these records are either erroneous (and ascribable to C. longispinus, see above) or require confirmation. in italy C. spinifex exclusively occurs in regions where C. longispinus also is present. This surely added to the confusion between both species. in southwestern France Cenchrus spinifex was recorded in the surroundings of Anglet near Bayonne from 1960 onwards (Vivant 1961, as C. pauciflorus) . it is still (very) locally abundant in this area (for instance near chambre d'Amour, see above) but many of its original localities probably disappeared (pers. comm. J. Vivant). To our knowledge, C. spinifex is absent from other parts of France: all populations from corse belong to C. longispinus (Verloove 2006 ) and the same holds true for plants from the Vaucluse (see above).
in northeastern Spain the species was discovered in Torre de la Mora, near Tarragona, for the first time in 1972, correctly referred to as Cenchrus incertus by Torrella & al. (1974) . in this area it has become a widespread and noxious weed in coastal dunes, at least between cambrils and Baix llobregat (see map in Sanz elorza & al. 2004 and BDBc 2011) . C. spinifex is recently also naturalising in Garrotxa (oliver 2009). Since 1996 it is known from few localities in país Vasco (campos & herrera 2008) , relatively close to the localities in the French pays Basque (see above). in 2002, C. spinifex (as C. incertus) was recorded for the first time in Andalusia (San Juan del puerto, near huelva; Sánchez Gullón & al. 2006 ) but did not establish. Soon afterwards, in 2007, C. spinifex was observed in abundance (and obviously naturalised) in a worked-up, sandy roadside by a military base in el puerto Santa Maria, close to cádiz (Verloove & Sánchez Gullón 2008) . in Spain C. spinifex is now considered to be an invasive species on sandy beaches, especially in the northeastern part of the country (Sanz elorza & al. 2004) .
reports of Cenchrus spinifex from other countries in the Mediterranean (for instance Greece, israel, libya, Serbia and Turkey; see Valdés & Scholz 2009+) should be critically reviewed. At least part of the reports is ascribable to C. longispinus.
Cenchrus spinifex is usually considered to be conspecific with C. pauciflorus nowadays (Delisle 1963; Stieber & Wipff 2003; zuloaga & al. 2003 ) but Ward (2010) recently rejected this synonymy. According to him both are best distinguished on life form (respectively annual and perennial) but it is doubtful if this warrants specific rank. Duration seems to be variable in C. spinifex in the studied area and therefore often critical to assess: some plants are reported to be annuals (see for instance Sanz elorza & al. 2004 ) while others are obviously (short-lived) perennials. Ward (2010) admits that where C. incertus and C. pauciflorus meet, fertile hybrids are produced. Twentyman (1972) experimentally showed that culm length, habit and the ability for overwintering merely depends on day-length and environmental conditions. This issue possibly requires additional research in the Mediterranean area but, at least for the time being, all of these plants are best referred to as C. spinifex (incl. C. pauciflorus).
likewise, Cenchrus bambusoides is sometimes accepted as a good species (caro & Sánchez 1967a; Ward 2010) . in general habit it looks like C. spinifex but its leaves are inrolled on drying, without an obvious keel (instead of flat or folded). it probably merely belongs to the variability of the latter (Stieber & Wipff 2003; zuloaga & al. 2003) . Moreover, plants with foliar characteristics of C. bambusoides apparently have not been recorded so far in the studied area.
The application of the binomial Cenchrus spinifex is not uncontested. in addition to the aforementioned taxonomic difficulties there is still a nomenclatural problem. Delisle (1963) already evoked that the correct name for C. incertus might be C. spinifex, which, indeed, antedates the former (1837 versus 1799). As he had not been able to study the holotype of C. spinifex and the correctness of the isotype label had not been verified, he rejected this binomial. in the recent treatment of Cenchrus for north America (Stieber & Wipff 2003 ) the plants here concerned are referred to as C. spinifex but it is unclear whether or not these authors had effectively resolved the nomenclatural problem. Moreover, C. incertus is not even mentioned as a synonym by these authors. in the recent catalogue of new World grasses (zuloaga & al. 2003) , C. incertus is upheld and it is stated that "… if C. spinifex turns out to be conspecific, a conservation proposal will be considered". According to Ward (2010) , C. spinifex is an unidentifiable name that should be rejected. Symon (2010) , who examined a digital image of the holotype, on the contrary confirms that both are conspecific and hence C. spinifex should finally be accepted as the correct name for this species. Joseph Wipff recently also investigated the type of the latter name and states that it definitely refers to the taxon traditionally called C. incertus (pers. comm. March 2012) .
Key to the species of Cenchrus s.str. in the Mediterranean area in an attempt to avoid future misidentifications within Cenchrus s.str. (excl. Pennisetum; see Verloove 2012) in the Mediterranean area, a revised identification key is presented here. This key is mostly based on the results of our examination of numerous herbarium collections and considerably differs from that of Delisle (1963) who probably gave too much weight on the degree of fusion of the spines. C. setigerus, for instance, was accommodated in a dichotomy with "spines connate only at the base", while they are connate usually for at least half their length. Moreover, even in species having burs with distinctly fused inner bristles, this holds true only for one side of the bur, while on the other side the spines are always nearly free to the base, largely exposing the spikelets.
For convenience, Cenchrus ciliaris, a species often transferred to Pennisetum recently, and its look-alike C. pennisetiformis are also included in the key.
Mature burs are absolutely required for a reliable determination. 
